Introduction
Over the past decade, several studies have registered the decline in income inequality for Latin America countries (López-Calva & Lustig, 2009; Gasparini, Cruces and Tornarolli, 2011) . While this trend in income inequality has received special attention at the national level, studies on regional disparities in the components of individuals' income are still scarce for Latin America countries. Analyses focusing on the regional dimension are of great relevance, because even in the presence of declining income inequality at national level, important inter-regional disparities may persist. This is so, because socio economic indicators at the national level can often hide significant variances between territories of the same country. This study considers the case of Colombia, a country that despite a decrease in income inequality in the past decade presents one of the highest Gini coefficients of Latin America countries and faces large geographical inequalities.
Colombia shows important disparities in economic and social development among its regions. This implies that an important part of inequality between Colombian individuals may be the consequence of disparities between regions of the country (Bonet and Meisel, 2008; Joumard and Londoño, 2013) . In particular, differences in wages deserve attention from a regional perspective as, for example, in 2010 the average gross hourly wage of a small city, such as Cucuta, was only 66% of that paid in Bogota, the country's capital.
To explain large spatial wage disparities, a number of arguments have been proposed. One of them emphasizes that wage disparities across areas are caused by differences in amenities. For instance, certain areas may have a favorable climate and easier access to natural resources. Under this context, wage differentials may be seen as compensated differentials, meaning that some areas may have higher wages to attract workers so as to compensate for the lack of amenities (Greenwood et al. 1991) . Another explanation is related to the point that differences in wages across regions could reflect spatial differences in the skill composition of the workforce (Combes, Duranton and Gobillon, 2008) . Workers with better labor market characteristics tend to sort themselves in areas that concentrate industries with high skill requirements where wages tend to be higher. Associated to this last explanation, the third one is based on agglomeration economies. A larger pool of high skill workers in an area may provide a source of important knowledge spillovers that can lead to productivity gains (Glaeser et al., 1992) .
Also, labor pooling improves the matching between firms and workers, which could also increase economic efficiency and lead to higher wages (Andersson, Burgess and Lane, 2007) .
A number of studies have been devoted at measuring the degree of regional wage gaps and identifying their origin. For instance, Blackaby and Murphy (1995) , Monastiriotis (2002), and Dickey (2014) analyze the case of Great Britain; García and Molina (2002) , Motellón, López-Bazo and El-Attar (2011) , and López-Bazo and Motellón (2012) that of Spain; and Galego and Pereira (2014) and Pereira and Galego (2014) the one of Portugal. These studies center their analysis on the estimation of wage equations and on the decomposition of regional wage gaps. The decomposition analysis is based on the idea that regional wage differentials are the result of how characteristics that determine wages are distributed across regions (the endowment component) and by how different these characteristics are rewarded across space (the wage structure component).
The extent to which these two components explain regional wage differentials has been of great interest in past studies and their importance in explaining regional wage gaps differ considerably across and within countries. Some studies conclude that the regional wage differentials are mostly due to differences in individual characteristics between regions (Blackaby and Murphy, 1995) . Other studies found that a significant part of wage differentials are explained by differences in returns, (Motellón, López-Bazo and El-Attar, 2011; Galego and Pereira, 2014; , while some others point that both components play an important role (García and Molina, 2002) .
Less evidence is available on the amount and origin of regional disparities using individual-level data in the Latin America countries. Azzoni and Servo (2002) using micro-data for the 10 largest metropolitan regions in Brazil found that wage differentials were lower after adding controls for worker and job characteristics and cost of living, though they remain sizeable. With regard to the factors that explain regional wage disparities, they found education as the most important variable for explaining such differences. Romero (2008) pursued a similar study for the Colombian case, and concluded that a significant part of regional labor income differences disappeared after adding controls for worker and firm characteristics. His results also indicate that the contribution attributed to regional differences in the cost of living is negligible for explaining labor income inequality across regions, while differences in education is the most important source of the observed regional labor income disparities. Quiñones and Rodriguez (2011) reach the same conclusion when assessing the contribution of differences in education in explaining wage differentials across Colombian regions. So it can be concluded from past studies that differences in the endowment of human capital and in its returns has been the most important factor for explaining regional wage differentials.
In accordance with the previous evidence, this study pays special attention to spatial imbalances in the endowment of human capital, and to what extend these differences and the regional heterogeneity in the return to this type of capital may help to explain regional wage gaps. But unlike most previous studies for developing countries, as a new and major contribution, this paper will focus not only on regional differences in human capital, but will go further by exploring one important feature of almost all developing and emerging countries: the large proportion of workers employed in informal jobs. Interestingly, recent studies for Colombia have emphasized that informal jobs are not equally distributed across the main metropolitan areas of the country (Galvis, 2012) . As an example, some
Colombian cities have informality rates of around 60% while the incidence of informality in other territories is about 20%.
In addition, we build on the results in the study by Ortiz, Uribe and Badillo (2008) , which indicates that the Colombian labor market is segmented in two dimensions. An intra-regional or scale segmentation, which is mainly due to the restrictions on the access to physical and human capital that limited the possibility of expansion of firms to a larger scale. This type of segmentation may imply that workers and employers in the informal sector, usually associated with small establishments, face significant barriers in the transition to the formal sector, with higher productivity and income. The second type is inter-regional segmentation, which is mainly due to the barriers of mobility of labor and other factors between regions. Accordingly, the hypothesis of our study is that regional wage inequality may be explained by regional differences in the availability of good jobs that generate higher wages. Meaning that, apart from the differences in the endowment of human capital across Colombian regions, regional heterogeneity in the incidence of informality is likely to be another important source of regional wage disparities. As far as we are aware this issue has not been considered in any of the previous studies on regional wage disparities.
Our empirical analysis consists of examining the returns to education and the pay penalty of informal jobs across Colombian regions by using mean and quantile regression models in order to analyze the effect of observed characteristics along the wage distribution. Then, regional wage gaps are decomposed into the contribution of differences in the regional distribution of characteristics, and into the contribution of differences in wage structures (heterogeneity in prices or returns to characteristics). In doing so, we apply the standard Blinder-Oaxaca decomposition at the mean and the decomposition for unconditional quantile regression (UQR) models proposed by Firpo, Fortin and Lemieux (2009; at selected quantiles. With both of these approaches it is possible to isolate the particular contribution of education and informality to the regional wage gap at different quantiles, in contrast with other procedures (Machado and Mata, 2005; Melly, 2005) . Galego and Pereira (2014) applied this method in the case of regional wage differentials for Portugal. As far as we know, our study represents the first application of this method for the analysis of regional wage differentials of a developing country.
Results for Colombia show that regions not only differed in earning relevant characteristics, but also display sizeable regional variability in the returns to these characteristics. Particularly, heterogeneity in returns to education across regions play an important role in explaining regional wage gaps. Additionally, workers face different informal pay penalties throughout the territory and it affects mostly individuals at the lower part of the wage distribution. Therefore, its contribution in explaining regional wage gaps is limited to this part. Our results confirm previous evidence on the existence of significant regional wage differences between the Golden Triangle region, conformed by the cities of Cali, Medellin and Bogota, and other regions in the country. The difference is particularly wide for those regions with a large share of labor in the informal sector. Moreover, it seems that the distribution of education is generating an equalizing effect of wages across some regions, whereas the returns to education continue to be a source of wage inequality across Colombian territories.
The results of this study point to the conclusion that some public policies aiming at reducing human capital differences among regions will help to decrease regional wage gaps, especially at the higher parts of the wage distribution. However, equalizing years of education of workers across regions would not be enough to reduce regional wage differences due to the sizeable differences in returns to years of education at higher quantiles. Similar results have been found in previews studies, albeit in the context of developed countries. Meanwhile policies that point towards the reduction of informality will help to minor regional wage gaps at the lower part of the wage distribution, particularly for those regions with sizable informality.
The remainder of the paper is organized as follows. The next section presents a description of the data used. Section 3 outlines the methodology applied in this study.
Then, sections 4 and 5 report and discuss the results. Finally, conclusions are presented in section 6.
Data and descriptive analysis
We use data from the second quarter of 2010 of the Colombian Household Survey (CHS), a repeated cross-section conducted by the National Statistics Department (DANE). The survey gathers information about employment conditions for population aged 12 or more including income, occupation, and industry sector at two digit level, in addition to the general population characteristics such as sex, age, marital status and educational attainment. The CHS is representative for the thirteen major metropolitan areas in Colombia, composed of a main city and its associated municipalities.
The analysis was restricted to salary workers that were not carrying formal studies aged between 15 and 60 years and who report working more than 16 hours per week. We do not include self-employed and employers workers in the analysis because their source of income is a combination of labor and physical capital and therefore may not be compared with earnings of other employees. We also exclude public employees from the sample. Public wages are fixed at the national level for all the public administration along the territory so that the regional wage differentials may be artificially lower if public employees are included in the analysis. After excluding observations with missing values or inconsistencies, 13796 individuals remained in our sample.
As for the measure of wages used in the empirical exercise, we have combined information from gross monthly wage earnings and worked hours to obtain gross hourly wages. A first look at the degree of regional wage differentials in Colombia is obtained from a simple inspection of Table 1 , which in the second column of data displays the average gross hourly wage. Large differences in average wages across the thirteen metropolitan areas are observed. For instance, the average wage in Cucuta, the metropolitan area with the lowest level, was 66.15% the average wage in Bogota, the metropolitan area with the highest level. As in previous studies, we attempt to control for price differentials by adjusting the nominal gross hourly wage using the deflator from the consumer price index of each city. Consumer price indices for the main city of each metropolitan area were obtained from DANE. Averages of this adjusted gross hourly wages are shown in the third column of Table 1 . It is observed that the position in the regional ranking of wages is fairly the same and that the metropolitan areas in the top and the bottom of the ranking remain unchanged. The fact that the consumer price index is built with a base year fairly recent, 2008, may explain the small variation obtained after controlling for difference in prices across the metropolitan areas. However, as far as we know this is the only information on regional prices available for Colombia. 1 The regional wage gap may be due to differences across metropolitan areas in workers' characteristics. In particular, they are known to differ in the workers' endowment of education, which is one of the essential determinants of wages. Table 1 shows the average years of education of workers in each metropolitan area. As it can be seen, there are notable differences in education. On average, workers in Cartagena have more than two years of education than those in Cucuta. On the other hand, as has already been mentioned, previous studies for Colombia have shown that the incidence of informality varies considerable between regions. Since informal workers earn considerably lower wages than their formal counterparts, a metropolitan area with a higher proportion of informal workers may have lower wages than a metropolitan area with a low fraction of informal workers. In this paper, we define workers as formal if they contribute both to health and old-age insurance, as proposed by the International Labor Organization (ILO).
According to this legal definition, an informal job is an activity that is unregulated by the formal institutions and regulations of a country. Importantly, since data comes from a household survey and therefore the information relates only to workers and not to firms, the informal sector term is related to the nature of the job and not of the firm in which the worker is employed.
The percentage of informal workers in each of the metropolitan areas is included in the last column of Table 1 . In accordance with what has been found in previous studies, the incidence of informality is very different across metropolitan areas. While Cucuta displays an informality of around 59%, the share of informal workers in Medellin is about 19%. Interestingly, some metropolitan areas with the lowest average wages have the highest levels of informality (Villavicencio, Pasto and Cucuta). So, as expected, these simple descriptive figures suggest a negative correlation between the incidence of informality and hourly wages in the Colombian metropolitan areas.
In order to make the analysis more manageable and for the sake of brevity, metropolitan areas were grouped into regions, following the classification suggested by DANE based on geographical proximity and natural characteristics. However, it should be mentioned that we grouped Bogota, Medellin, and Cali into one region that we will refer to as the Golden Triangle. 2 These metropolitan areas are the most productive and dynamic of the country. The most productive firms, most of R&D investments and the highest skill workers are concentrated in these three areas. Besides Golden Triangle, the other metropolitan areas in the dataset are grouped into five regions: Atlantic (Barranquilla, Cartagena and Monteria), Oriental (Cucuta, Bucaramanga, and Villavicencio), Central (Manizales, Pereira and Ibague), and Pacific, only composed by Pasto. Table 2 provides a description of hourly wages for the five regions. Clearly, average hourly wages differ between regions, although the magnitude of the differences is lower than the one found for the thirteen metropolitan areas. The average hourly wage of the region with the lowest level, Pacific, is 74% that in the region with the highest level, Golden Triangle. So by grouping metropolitan areas into regions the amount of disparities is attenuated, but they still remain sizable. Apart from the differences in the mean, the wage distributions of these five regions present other interesting variations. For instance, Table 2 shows that regional wage distributions vary in terms of the degree of dispersion. The standard deviation of the logarithm of gross hourly wages and the Gini index for the region with the lowest level of wages, Pacific, are far above those for the region with the highest wage level, Golden Triangle, suggesting that regions also differ in terms of the amount of intra-regional inequality. Finally, from the value of wages at the quartiles of the distribution (25 th , 50 th , 75 th percentiles), 3 reported in the last block of columns of Table 2 , it can be concluded that regional wage differentials are far from constant over the entire wage distribution, with symptoms of a non-monotonic behavior.
Summing up, evidence from Table 2 confirms that there are noticeable differences across regions in the entire wage distribution, and not just on average wages. To account for these differences, in the rest of this paper we provide results for the average and the quartiles.
As it has been already mentioned, regional wage differentials might be caused by the spatial distribution of human capital and other earning relevant determinants, as informality. A simple description of the amount of regional variability in worker and firm characteristics is reported in Table 3 . It is observed that regions with high levels of wages have workers employed in relatively larger firms and with a permanent contract. The proportion of workers employed in the sectors of industry and financial intermediation is larger in high wage regions. One aspect that also worth mentioning is the low proportion of women working in Atlantic region, 39%, compare to 45% in Golden Triangle.
Interestingly, informality also differs considerably between regions. For instance, the incidence of informality is 49% in Pacific while in the Golden Triangle is 23%. These differences in the proportion of informal workers across regions might intensify regional wage differentials, since formal jobs usually entail higher wages than informal jobs.
Therefore, we should conclude that there are differences between regions in characteristics that may result in regional wage differentials. In particular, data confirm that Colombian regions differ markedly in the endowment of education and in the share of informal jobs. Nevertheless, the key point is if these differences account for the bulk of regional wage disparities, or if part of the wage gap is produced by differences across regions in how these characteristics are rewarded. If regional wage gaps were completely explained by differences in the distribution of observable characteristics across regions, then under such circumstances, similar workers employed in similar firms but located in different regions would earn the same wage. On the contrary, if part of the wage gap could be explained by differences in how characteristics are rewarded, this could be associated to failures in regional labor markets, as similar workers in comparable firms but in different regions would be earning different wages. In the sections that follow we aim to shed more light on this issue, paying particular attention to the role of differences in education and informality.
Empirical strategy

Specification of the wage equation
The empirical strategy is based on a model in which the wage of individual i in region r is given by:
( 1) where !" denotes the log of the hourly wage of individual i in region r. Xir denotes the set of characteristics that affect the wage of this individual, including years of education, experience (and its square), tenure (and its square), gender, sector of employment, marital status, head of household, hours worked, type of contract, size of the firm and firm sector. βr is the vector of prices or returns at region r associated to the characteristics in Xir.. Equation (1) is estimated for each region, so that an estimate of the effect of education and informality is obtained for each region rather than imposing the same effect for all regions. Therefore, the wage equation specified in (1) is consistent with interregional segmentation, that is to say, with workers with similar characteristics obtaining different returns across regions.
The analysis from equation (1) is based on the mean distribution of wages.
However, the descriptive in the previous section showed that regional disparities are far from uniform over the entire wage distribution. Therefore, it is of interest to know the effects of variables such as education and informality at different points of the distribution of wages. This can be done by means of the conditional quantile regression (CQR) model introduced by Koenker and Bassett (1978) . It can be written as:
where ! ( !" | !" ) denotes the τ-th conditional quantile of wages given the set of characteristics in Xir.
The coefficients !" are estimated by already standard procedures (Koenker, 2005; Koenker and Bassett, 1978) , and may be interpreted as marginal or partial effects 
where ! refers to the τ-th unconditional quantile of wages, ! ! ! is the probability density function of ! evaluated at ! , and ≤ ! is an indicator variable to denote whether an outcome value is less than ! or not. By definition the RIF is equal to:
Firpo, Fortin and Lemieux (2009) , demonstrate that the implementation of the UQR is straightforward and similar to the OLS regression. For a specific quantile τ, the first step is to estimate the RIF of the τ-th quantile of ! following eq. (3) and eq. (4).
The second step is to run OLS regression of the !" ; ! on the observed covariates, Xir:
Coefficients !" represents the approximate marginal effects of the explanatory variables on the unconditional quantile ! of wages for workers in region r.
Decomposition of regional wage gaps
The Blinder-Oaxaca method is formulated for decomposing mean differences in log wages between two groups after the estimation of the wage equation in (1). 4 In our particular case, the wage gap between a high wage region (r = h) and a low wage region (r = l) can be specified as:
The first term in the RHS of this expression corresponds to the difference in the average values of observed worker and firm characteristics between regions h and l, whereas the second term is the part of the wage gap attributable to differences in the estimated coefficients; i.e. differences in the wage structure.
It is possible to obtain a decomposition of the wage differential at quantile τ, similar to the classical Blinder-Oaxaca decomposition, for any two regions using the RIF regression approach by Firpo, Fortin and Lemieux (2009) . Any distributional parameter, for example a wage quantile, can be written as a function ! ( ! ) of the cumulative distribution of wages, ! ( ). For example, the difference in a wage quantile τ, ∆ ! ! , between a high wage region and a low wage region, can be written as:
where ! ! ! |!!! indicates the actual wage quantile of workers belonging and rewarded under the wage structure of region r = h. ! ! ! |!!! represents the counterfactual wage quantile, that is the wage quantile that would prevailed if workers observed in the region with high wages, r = h, had been paid under the wage structure of workers in the low wage region, r = l. Using the actual and counterfactual wage quantile for each region it is possible to decompose the wage gap at any quantile, ∆ ! ! , in two terms, one which captures the wage structure effect, ∆ ! ! ! , and another that represents the endowments
However, as in the case of the Blinder-Oaxaca decomposition for the mean, if the true conditional expectation is not linear, the decomposition based on a linear regression may be biased (Barsky et al., 2002) . A reweighted procedure coupled with the RIFregressions can solve this problem (Fortin, Lemieux and Firpo, 2011) . First a reweighting factor has to be calculated as:
Then RIF-regressions are computed for workers in regions l, h and for the counterfactual l c region, using the weights in Ψ , to later calculate the next decomposition:
where ! denotes the mean of wages in region r (=l and h), and ! ! is the counterfactual mean for region l using the reweighting factor in (8) so to make the distribution of the characteristics, X, in the region with low wages similar to that of region with high wages.
The wage structure effect can be divided into a pure wage structure effect and a component measuring the reweighting error, as follows:
The reweighting error goes to zero as ! ! ⟶ ! . Similarly, the composition effect can be divided into a pure composition effect and a component for the specification error as: Since the particular focus is on the effect of education and informal work, the results are shown only for the estimates of the coefficients associated to years of schooling and informality, though all the variables presented in Table 3 were included as control variables. 5 The first column in Table 4 contains the estimates at the mean, that is to say the results of the OLS. The estimated returns to schooling for each region and the entire country are displayed in the upper panel of the table. It can be observed how at the country level, investments in education are quite profitable, since the estimated return is 7.42%, and highly significant. This is so as well in the five regions under analysis although, as expected, there are significant differences across regions in the return to years of education. For example, a higher return to schooling is observed in those regions with the highest level of wages. The returns to schooling in Atlantic and Golden Triangle are 8.14% and 8.26% respectively. On the other hand, those regions with the lowest levels of hourly wages display the lowest returns to schooling; 5.57% in the Oriental region and 6.82% in Pacific. Thus, in addition to differences in the endowment of education, returns to schooling may be thought to be an important factor in explaining wage gaps across regions.
Results
OLS and quantile regressions estimates
The OLS estimates of the informal pay penalty, reported in the lower panel of Table 4 , show a more complex pattern. The Pacific region, which is the region with the 5 The full set of estimates is available upon request.
lowest wage level, is the one with the highest pay penalty; an informal worker earns 26.8% less than an otherwise similar formal worker in that region. However, the next region in the pay penalty ranking is that with the highest wage level, Golden Triangle, with an estimated penalty of 13.56%. Even though the pay penalty is considerably larger in the region with the lowest level of wages compared to the region with the highest, there seems not to be a clear pattern between the informal pay penalty and the regional wage gap. In any case, the OLS results suggest that Colombian regions differ not only in the incidence of informality (the share of the informal sector) but also in the mean wages earned by otherwise similar formal and informal workers.
As for the results of the quantile regressions, the second block of columns in Table 4 show the conditional quantile estimates (CQR) of the returns to schooling and the informality pay penalty. More precisely, results are shown for the three quartiles of the conditional wage distribution. 6 Consistently with previous literature (e.g. Galego and Pereira, 2014) , returns to schooling are heterogeneous and increasing along the quartiles for all regions and the country as a whole. CQR results for Colombia confirm that the return increases along the conditional wage distribution. It is almost 70% higher in the third than in the first quartile. The same applies to all regions. However, results reveal some interesting features. For instance, returns to schooling in the Golden Triangle range from 4.62% for the first quartile to 8.99% for the last quartile of the conditional distribution of wages. In turn, in the Pacific region, returns to schooling in the first and last quartiles are 5.16% and 7.29%, respectively. Interestingly, the returns to schooling are therefore higher for Pacific compared to those in Golden Triangle at the bottom of the conditional distribution, they are fairly the same at the middle, and lower at the third quartile. Another interesting aspect is that the increase in the return along the wage distribution for all regions indicates that education has an unequalizing effect in the conditional wage distribution, i.e. for groups of individuals of similar characteristics. This unequalizing effect is especially strong for the Golden Triangle and Atlantic regions, where the returns to education increase substantially between the first and third quartiles.
However, interpreting conditional quantile regression results must be done cautiously. A common difficulty associated with interpreting these results is that, as has already been mentioned, a given percentile of the unconditional distribution of wages may not be the same as the same percentile of the conditional distribution. Thus, the positive and heterogeneous CQR effects do not imply that education has a stronger effect for the highest wage earners, contributing therefore to increase inequality. Instead, it means that it has a stronger effect for the conditionally rich, that is, for those with the highest wages conditioned to the other covariates. As mentioned in section 3.1, in contrast to the CQR, the UQR allow studying the effects directly on the distribution of wages.
The estimates of the UQR are summarized in the last panel of columns in Table 4 .
They also reveal a heterogeneous pattern of the returns to schooling along the unconditional wage distribution, which is even more pronounced than that observed for the conditional distribution. The estimated return in the country as a whole is as low as 1.39% in the first quartile, increases to 3.74% in the middle of the distribution, and rises sharply in the third quartile, up to 12.54%. This means that the wage increase caused by an additional year of education in Colombia is ten-fold higher at the upper part of the wage distribution than at the bottom. In other words, education seems to contribute clearly to increase wage inequality. A similar patter is observed in all regions, although the increase in the return is more pronounced in some regions and less in others. More precisely, the difference in returns along the distribution is more intense in the regions with the highest wage levels. They range from 1.18% to 16.17% in Golden Triangle, and from 0.87% to 13.19% in Atlantic. In contrast, the return is 4.19% in the first quartile and 8.99% in the third in the Pacific region. Another interesting feature derived from the UQR results is that in regions with low wage levels, the return to schooling at the middle of the distribution is similar, and even lower in the case of Pacific, to that at the bottom.
Therefore, increasing education does not raise intra-regional inequality at the middlebottom part of the distribution in low-wage regions. This is not observed for regions with higher wages, in which the return increases monotonically along the three quartiles.
As for the effect of informality along the conditional distribution (CQR), the pay penalty in the country as a whole decreases sharply from the first quartile (-19.27%) to the middle part (-8.91%) of the conditional distribution of wages. In turn, the reduction in wages associated to informal jobs is similar in the middle and at the upper part (-8.56%).
The same pattern is observed in all five regions under analysis, although interesting variability in the strength of the effect of informality is observed. It is more intense in the Pacific region, regardless of the point of the distribution in which it is measured, and it is also particularly high at the first and second quartiles of the Golden Triangle conditional distribution. In the other three regions, the effect of informality seems to be limited to the bottom part, since the wage penalty is moderate, and even not significant, at the middle and upper parts.
However, as mentioned before in the case of education, the interpretation of the informality pay penalty in the entire distribution of wages is more straightforward when based on the UQR results. They suggest that, in the country as a whole, working in the informal sector reduces wages of workers with the lowest earnings by almost 19%, while the reduction is of about 9% for workers with median wages. In turn, the pay penalty is only marginally significant for workers at the upper part of the distribution of wages. A similar pattern is observed in all regions with the exception of Pacific. In the Colombian region with the highest incidence of informality, the pay penalty is roughly similar all along the distribution of wages (about -30%). This means that in Pacific, informality reduces wages of workers with low, medium and high wage levels. It is also worthy to note that the pay penalty in that region is higher than in any other region all over the distribution. In all, the UQR estimates suggest that reducing informality would contribute to decrease within-region inequality, by increasing wages at the bottom and middle part of the distribution more than for workers with higher wages. The strength of this effect varies somehow across regions, being more intense in those in which informal workers are more abundant. The exception to this general pattern is Pacific, the region ranking first in incidence of informality that, in any case, is the region with the strongest effect of informality on wages.
Summing up, the estimates in this section confirm, on the one hand, the positive effect of education on wages, which increases along the wage distribution, and the existence of substantial regional variability in the returns to schooling. On the other hand, results confirm that workers face different informal pay penalties throughout the territory, that affects mostly individuals at the lower part of the wage distribution. This supports the hypothesis that regional differences in the effect of education may explain regional disparities mostly at the upper part of the wage distribution, whereas differences in the informal pay penalty would be behind those observed at the bottom of the distribution.
Decomposition of regional wage gaps
The evidence presented so far confirms that regions not only differ in the endowment of earning relevant characteristics, such as education and the incidence of informality, but also points to sizeable regional variability in their returns. The contribution of this variability in characteristics and returns to the wage gap across regions is assessed next.
Following the method sketched in section 3.2, the decomposition of regional wage differentials in Colombia is analyzed by considering the difference between Golden
Triangle, the region with the highest level of wages, and the other regions. The regional wage differentials relative to Golden Triangle for the mean and the quartiles are reported in the first row of information for each region in Table 5 . It also contains the global decomposition, in which wage gaps are decomposed in two terms, one that accounts for the contribution attributable to differences in observable characteristics (labeled Total explained by characteristics) and another that corresponds to differences in the wage structure (labeled Total wage structure). Both of these two components can in turn be decomposed in the specific contribution of each factor that determine wages, by using the detailed decomposition. Given our goal in this paper, the details of the specific contribution of education and informality are presented in Table 5 , while the contribution of the rest of observable characteristics have been grouped in the term labeled rest.
Wage differentials between Golden Triangle and each of the other four regions, calculated at the mean, are all statistically significant. The highest wage gap is found in the Pacific region, 36%, while the lowest one is that of Atlantic, 9%. Interestingly, differences in the size of the gap along the distribution are observed between Pacific and Oriental, the regions with lowest wage levels, and Atlantic and Central, which are the regions with wages close to those in Golden Triangle. Wage differentials follow a sort of U-shape in the case of the first two regions, whereas they increase monotonically over the distribution in the case of the latter group. 7 The decomposition shows that these two groups also differ in the origin of the gap. Results from the global decomposition reveal that 20.7 percentage points (pp) out of the 36.2pp of the mean gap for Pacific are attributable to differences in observed characteristics between this region and Golden
Triangle. The contribution of this component is even larger in the case of the Oriental region, where 17.1pp of the gap of 19pp correspond to differences in characteristics. The decomposition of the gap at the different quartiles indicates that the role of differences in characteristics is especially strong at the bottom and at the top of the distribution, particularly in Pacific.
In sharp contrast, the bulk of the wage gap between Atlantic and Central regions, and the Golden Triangle can not be explained by differences in observed characteristics.
Only 3.6pp out of 12pp of the wage gap in the Central region is explained by characteristics. In the case of Atlantic, results even suggest that the average wage would have been higher than in Golden Triangle (by 2.1pp), if the two regions had had the same wage structure. The analysis of the global decomposition at the quartiles for these regions indicates that differences in wage structures widen the gap at the middle and, particularly, at the top of the wage distribution (0.4pp in the first versus 14.4pp in the last quartile in Atlantic, and 0.7pp and 13.8pp respectively in Central).
Therefore, the global decomposition reveals that the origin of the much lower wages in Pacific and Oriental is essentially on their lower endowment of characteristics that favor high wages, whereas wage differentials in regions with wage levels closer to those in Golden Triangle can be explained almost completely by differences in returns to characteristics (wage structure), which are higher in the benchmark region. The specific contribution of the two factors under analysis in this paper, education and informal work, is obtained from the results of the detailed gap decomposition, also included in Table 5 . It is observed how differences in years of schooling and in the incidence of informality greatly contributed to widen the gap observed in the Pacific region. To be sure, 6.5pp of the mean wage gap between this region and Golden Triangle correspond to the higher level of education of the working population in the latter region, whereas differences in the share of informal work account for 6.6pp. A similar portion (6.7pp) is attributable to education in the case of the Oriental region, though the contribution of informality is lower in this case (1.7pp). As for the regions in which the gap is narrower, the contribution of differences in education and informality is much less intense. Actually, the better endowment of education in Atlantic with respect to Golden Triangle reduces the magnitude of the wage gap in 2.1pp.
Finally, it should be stressed that the detailed decomposition at the different quartiles supports one of the major hypothesis in this paper, which is that differences across regions in the level of education provoke regional disparities at the upper part of the distribution, whereas differences in informality explain a big deal of the gap at the bottom. This feature is particularly intense in the regions with the widest wage gaps. In the Pacific region, differences in the endowment of education with respect to Golden
Triangle account for 10.5pp of the gap at the third quartile and only 2.3pp at the first. The same applies to Oriental (11.3pp in the third and 1.4pp in the first quartile). Remarkably, differences in returns to schooling, reported in section 4.1, also contribute greatly to the wage gap at the upper part of the distribution in these two regions. Actually, the joint effect attributable to differences in the endowment and in the return to education (54.8pp
in Pacific and 56.3pp in Oriental) exceeds by large the observed wage gap in the upper quartile, meaning that in the absence of other mechanisms, it would have been even wider in these two regions.
Regarding the effect of differences in the share of informal jobs, it is observed how it concentrates at the bottom part of the distribution in all regions, with almost no effect for median and top wages. In this respect, the results for the Pacific region are of particular interest, since it shows the highest incidence of informality and the widest wage gap among Colombian regions. One third of the wage gap at the first quartile in Pacific is explained by differences in informality between this region and Golden Triangle. In turn, the contribution of this component is a bit less than 5pp at the median, and negligible at the third quartile. In addition, the higher pay penalty suffered by informal workers in Pacific, in comparison with their counterparts in Golden Triangle, increases the wage gap by 11.7pp at the first quartile, but only 3.4pp at the median and in a non-significant amount at the third quartile. In all, the total effect linked to informality at the bottom quartile in Pacific amounts to as much as 28.2pp, which represents more than 56% of the gap for workers earning the lower wages.
Summing up, results of the gap decomposition confirm that differences across regions in both education and informality play a prominent role in explaining regional wage gaps. However, and beyond this general statement, the evidence reported in this section probes that the effect of differences in education on regional wage gaps is concentrated in the upper part of the wage distribution, whereas the one of informality basically affects workers at the bottom of the distribution.
Conclusions
Results in this paper confirmed that regional wage disparities, which vary over the wage distribution, exist in an emerging country such as Colombia. They also indicate that beyond differing in terms of the endowment of workers' education and the incidence of informality, regions show a remarkable dispersion on the wage effect of these two characteristics. Actually, the decomposition approach proposed by Firpo, Fortin and Lemieux (2009) has allowed us to confirm the main hypothesis in the paper, which was that spatial differences in education and informal work explain a big deal of regional wage disparities in Colombia. Also, the analysis in the entire wage distribution permitted us to probe that differences in education across Colombian regions account for gaps at the upper part of the wage distribution. In contrast, our results suggest that the effect of differences in informal work is limited to workers with medium and low wages.
The evidence from Colombia lead to the conclusion that policies aiming at stimulating investments in human capital in the less developed regions will help to decrease regional wage gaps, especially in the upper part of the wage distribution.
However, equalizing years of education across regions would not be enough to reduce regional wage disparities due to the sizeable differences in returns to schooling at higher quantiles. Meanwhile, policies that point towards the reduction of informality will help to reduce regional wage gaps at the bottom part of the wage distribution, particularly for those regions with sizable informality. In addition, evidence has been obtained suggesting that improvements of the level of education will lead to increasing within-region inequality, due to the fact that the return is higher for high wage levels than for workers with medium and low wages. Interestingly, the lesson from the Colombian case is that successful policies to reduce informality in the labour market will contribute to narrowing regional wage gaps, particularly at the bottom of the distribution while, simultaneously, helps decreasing within-region inequality. This is so since the wage effect of decreasing informality is stronger for low than for high wage levels.
Finally, we must admit that our empirical analysis faces some potential caveats. It might be argued that some sources of bias in the estimates of the wage equations are likely to exist. One is related with the sample selection on wages caused by the probability of employment. It arises because some unobserved characteristics could be correlated with the likelihood of employment and wages. Another source of sample selection comes from the probability of being a migrant, as for example, there could be unobservable spatial factors that affect the probability to migrate and correlate with wages. Although both sources of selection may lead to biased results, there are two reasons why they are not addressed in this study. The first one is that previous analyses that have controlled for employment selection in Colombia have found that the results are not strongly affected (Quiñones and Rodriguez, 2011) . On the other hand, internal migration in Colombia has been found to be relatively low, so that this source of selection does not seem to be especially relevant (Ortiz, Uribe and Badillo, 2008) . 8
A last source of bias is the well-known endogeneity of the measure of education caused by unobserved characteristics, such as ability and quality of education, and/or measurement errors. As in previous studies, this problem is hard to address due to the lack of appropriate instruments in the dataset, and the impossibility to control for individual unobserved effects in a cross-section setting. Accordingly, one should be cautious in interpreting the estimates as causal effects. In any case, it is worth taking into account that most studies using estimation methods that account for endogeneity have provided estimates of the returns to schooling that exceed somewhat those obtained when no controlling for endogeneity. Therefore, we could expect an increase in the estimate of the return to education in all regions that, in any case, would not change dramatically the difference in the estimate between regions. Actually, the estimates in this paper are consistent with an explanation of the regional heterogeneity in the returns to schooling based on the effect of unobserved ability and quality of education. It is sensible thinking that the most productive and prosperous territories offer higher opportunities, and thus attract, the ablest individuals and also those whose education is of superior quality. If the wage effect of these unobserved characteristics is incorporated in the estimated return to schooling, one would expect higher estimated returns in the most developed regions, which is what our results reveal. In addition, the increasing estimate of the return to schooling along the conditional wage distribution that we have reported for all Colombian regions is consistent with this estimate incorporating the effect of unobserved ability and quality of education. This is so because of the traditionally assumed correspondence between the conditional distribution of wages and the distribution of these unobserved characteristics.
At any rate, we believe the magnitude of territorial disparities in the estimated effect of education and informality is large enough to allow us to conclude that they exert a substantial contribution in explaining regional wage gaps in an emerging country such as Colombia. 
